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ABSTRACT
A surface capturing method is developed for the computation of steady water-air flow with
gravity. Fluxes are based on artificial compressibility and the method is solved with a multigrid
technique and line Gauss-Seidel smoother. A test on a channel flow with a bottom bump shows
the accuracy of the method and the efficiency of the multigrid solver.
2000 Mathematics Subject Classification:  65N55, 76D05, 76D33
Keywords and Phrases: Steady water waves, Surface capturing, Multigrid, Artificial compressibility, Osher flux function




  fiffflffi  fl!fiff #" 
#$%&













¨ª©«V¬®­¯Q°y±5°e¯$²³[«¬®´µ¶·*±h³®¸V¹ º&´»©º ±h¼m±h½¹>²@±eº¾­¹Q¬¿³®¸V±5°y¹>·*²«³u¯$³[´¹Qµ¾¹>­ ©³[±e¯Qº À+Áfi¯$³®±¬ÃÂ ¯´¬
































































































































































































































































































































	úãú û:@býOþ 4Q åþjýþ ,jû` åú ûyü@ý +ýúVû ýPQ
nû újßff- ;"flý 4 ý   Ïû7ßuû '$'$
þ åß
=		býff


















































































































































































































	úãú ûG@bý fl; Ïûûýú] åú&2úãßuý 4=
nû ú`6)&-


























































ffifl J#T  

2:N_T   Z 2R0 T fl   2 fl
X






















































































































































































































































	    , $& *,.-
>üjýOþ ãß 4 ý
!







































































































ß,$4 ý ff@ûyüjýú)ûüjý ýD åß+
E	uýQßßuý ) 	5
2ßßýff































































































û úB2ú,4 ý  ýûYûüjý#ßûuýff
	þfi
!





















































hü eý$'$YfiûüjýE$' åújý/+ ûü åßH åß/þújýFfl0 Ïûü 





























$' åújý,-?>¿üjý ý 6ý,Pûüjý&û û
)$qflZN6)3
Òß åú,$Ïý ' 1 ßuûý 	Íþjý 	býúãþjß3$' åújýff
=$fi5úÇûüjý
û û




























































.6 0.70.8 0.9 1
0.1 0.
2








































































































































	ßuû+ßýffeû  ú  åßEflý$'$¿þ+ýúVûuýþ   U-.ùÃûyßE	 åú 	$Ïý] åßûÌßQ ûüÑûüjý

















































































































































































































































































  ) 0  åßYþjý$ûý 9 åú@ýQþ














núãþ7ûüjý'ý flû ú<7 1+
"	~üãßú
























































    j	eýþý,









































































































































@( ûuû, @	 åß?	jûuýQþ_-. <	bý  '+ýúVû
)$
ýß$Ïûyß6ûyü åßûuýßû0























=N ýú $"flý :ûü
	úH åúÐûüjýý<	bý  'ýQúûd. ^2 >d6 Q- >?G	uý 4 ýúVû
ûQûyü %N@(,ãújþ
=fiB$%











>d  *>d+Ùý$'$åß-mùúûyüjý4 ý$ Ïû\fiH	$ û =Ký )












































































"4 ý %ffiÙý$'$åß-?K  åþ 2úb4 ý 	ýQúÙýLßuûãþfi =O,uý()dB*ßüWflßF
ú@ýW


























































































































ü  üjý 7Oþjý G+ý$ûyü<þ`fl0 Ïûü7û@$ÏýQúÙý
@þjý$' åú åßújý$ýþjýþC-
>?5





,$Ïýf) åþC-  úb4 ý  ýúeý+	$ ûyßR


















×n´µV¶Q½±¶Q¬®´»º½´µV±/Õ¯«V©[©ÖÃ×	±´»º ±½      eë  














































mû úãß;úÒûyü@ý ~újýßuûf$Ïý 4 ý$O-KÅû
=@$Ïýûüjý 
	Úû 'ýQß;ú5
























































































)$' åúE) ûüjý*þjý áýWeûG6,2ûyüjý ~újý ; åþãß-






 @( ûuû, @E	?#ßyü<"flßûyü
mûûüjý


































ÈDr¸¹>¬®´µ~à*¨ µ	«·*±¬´»°e¯½·Ð±h³[¸¹ º ­¹>¬O©¹>½Æ¼ ´µ¶B´µ<°y¹>·*²¬®±©[©´Ë½± ¼ ´»©®°y¹>«<© Ä ¹ÙÁ
²V¬¹>Ë½±·Y©hà














È ´µ<º±hµ à~¨ ·%«V½Æ³®´¶>¬®´»º&·*±h³®¸V¹ º'­¹Q¬©³[±Ù¯º À'´µ<°y¹>·*²¬®±©[©´Ë½±
ê
¯¼	´±¬Ö



















































«¬\nQ±½áà  ]¬®±°h¹>µVº´Æ³®´¹>µV±º#·*±h³®¸V¹ º©F­å¹>¬:©¹>½Æ¼ ´µ¶³[¸±´µ<°h¹Q·*²V¬±e©®©´ËV½±.¯µ<º#½¹eÁO©²j±±º
°h¹Q·*²V¬±e©®©´ËV½±±Ón«@¯Ù³[´¹Qµ<©hà

È<r¹Q·*² È  ]¸nÀ ©È@ë  

  mëff  >ë>ëÂ    È
>6>
